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Solder Joint Geometry Effects on Thermomechanical
Fatigue Lifetime of End-Capped

Chip Component Assemblies
Vincent Voet , Christophe De Fruytier, Thomas Pardoen , and Aude Simar

Abstract— Electronic component assemblies are exposed to
thermal cycles that lead to the thermomechanical fatigue of
the solder joints. The effect of the joint geometry on the
fatigue lifetime of the assembly is investigated for rectangular
end-capped chip components in order to both increase the
predictive capabilities of integrity assessment schemes and to
guide toward more durable designs. A two-step approach is
developed including two models considering the region of the
joint underneath the component and the filet, respectively.
Local values of the inelastic strain energy density are extracted
from finite element (FE) simulations. Phenomenological failure
power-law models are identified based on experimental data and
previously developed cohesive zone model (CZM) describing the
fatigue cracking process. The analysis proves that the filet and
its shape play a primary role in setting the fatigue lifetime of the
solder layer.

Index Terms— Accelerated thermal cycling, finite element (FE)
analysis, soldering, thermomechanical fatigue.

I. INTRODUCTION

ELECTRONIC assemblies, comprised of many electronic
components soldered on printed circuit boards (PCBs),

are part of a tremendous number of equipment used in
everyday life and in industry. High-reliability applications such
as space devices require a deep understanding of fatigue resis-
tance and consistent lifetime assessment capabilities. During
operation, electronic equipment are exposed to various thermal
cycles, leading to cyclic deformation and hence thermome-
chanical fatigue of the joint due to the mismatch of the
coefficients of thermal expansion of the constitutive materials,
i.e., component, solder joint, and PCB [1], [2], [3], [4]. Many
factors influence the reliability including the component type,
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Fig. 1. End-capped chip component assembly geometric configuration,
showing constitutive elements, lengths, and both solder joint regions A and B,
underneath the component and the filet, respectively.

size and material, PCB build-up and material, solder joint
volume, shape and material and mounting process.

This research work focuses on rectangular end-capped chip
components (e.g., resistors) as shown in Fig. 1, although
the methodology is general and can be directly transposed
to other geometries. The various parts include the ceramic
component, its termination (i.e., the layer in contact with the
joint), the solder joint, the copper footprint, and the PCB.
Two regions of the joint are defined: region A, underneath
the component, and region B, the filet. Fig. 2 presents a
micrograph of a failed component with a crack that started
propagating in region A and continued growing into region B.
Failure of solder joint assemblies can be defined either as
corresponding to the cracking of the region underneath the
component [5], or as corresponding to the cracking of the
entire joint, including the filet region. Each choice can be
justified by the use of a standardized method or depending
on the application. Experimental failure can be physically
related to crack lengths directly measured on micro sections,
which provide a view of the whole surface of the joint at
a given cross section plane for a given number of thermal
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Fig. 2. Micrograph of a failed solder joint with a crack that propagated
through regions A and B (i.e., the filet).

cycles or based on electrical monitoring. The latter consists of
continuous electrical resistance measurements of assembled
components. Failure is reported once a defined drift in the
resistance is attained. A Weibull plot can be extracted from
raw data. Failure can also be predicted by finite element (FE)
simulations based on different damage indicators, such as
a critical inelastic strain or a critical inelastic strain energy
density [3], [6], [7].

The effect of the solder joint geometry on the fatigue
lifetime of the assembly has been studied by Liu and Lu [8]
on ball grid array (BGA) components. They highlighted a
significant effect of the ball shape and height on the number
of cycles to failure. Other studies have also confirmed that
these parameters are indeed important [9], [10], [11]. Various
solder paste volumes and hence solder joint shapes were
simulated by Wang et al. [12] for chip resistors. They predicted
a significant increase in lifetime for larger filet configurations.
Slightly concave shapes showed the highest number of cycles
to failure according to Zheng and Wang [13]. Highly convex
filet shapes had a shorter fatigue lifetime. Jih and Pao [14]
used the total shear strain range, 1γ , as a failure criterion to
compare various component and solder joint geometries. They
calculated an increase in the shear strain range for increasing
component sizes and a decrease of 1γ for thicker joints. The
filet shape was found to have little effect on the shear strain
range. The change of 1γ was also relatively small for various
filet heights and lengths.

The focus of a previous study [5] made in the context of
this research was on the failure of region A only. In addi-
tion to setting an original methodology based on machine
learning processed experimental data and crack propagation
FE simulations of the fatigue process, this study showed
that several parameters, such as the solder joint thickness or
component length and thickness, significantly influence the
fatigue lifetime of the assembly. However, as explained above,

the failure in the filet region was not taken into account.
The objective of the present study is to compare the contribu-
tion of each region (A and B) on the predicted fatigue lifetime
and to assess how the filet geometry influences the damage
resistance. The final goal is to provide a better understanding
of the joint fatigue behavior and to open new opportunities to
improve assembly design.

Section II introduces the methods and the models developed
to estimate the lifetime of the solder joint in regions A and B
(see Fig. 1). The FE model is described first with the material’s
behavior and loading conditions. The models are identified
and validated by experimental data. A discussion related to
the damage criterion is held.

Section III presents some applications of the models by
comparing different filet configurations and each region’s
contribution to the fatigue lifetime of a selection of assemblies.
It includes the effect of the solder joint thickness and the
component size. The results obtained with the model are
compared to the predictions made with the Norris–Landzberg’s
(N-L) aging law.

II. METHODS AND MODELS

Two models are developed in this article: the first pre-
dicts fatigue failure in the region underneath the component
(region A) only and the second, the failure of the filet
(region B). The first subsection introduces the FE model, the
second focuses on region A and the third on region B. For the
various component sizes that will be exploited in the article,
the model considers both the length and thickness (Lcomp and
tcomp in Fig. 1) to parameterize the geometry. The commercial
FE software Abaqus is used with the implicit solver.

A. FE Model

The component is a surface-mounted ceramic resistor with
nickel terminations mounted on a copper footprint, part of a
PCB as shown in Fig. 1. The ceramic body is made of alumina
(Al2O3). The PCB material is polyimide Arlon 35N [15]. The
solder alloy is Sn62 (62% of tin, 36% of lead, and 2% of
silver). Two-dimensional plane strain conditions are imposed,
justified by the fact that the out-of-plane width is much larger
than the thickness of the layers undergoing the failure process.
It brings in a small bias on the calculated values. The FE mesh
is presented in Fig. 3. A zoom on the region underneath the
component is also provided.

All materials are considered thermally isotropic with a
coefficient of thermal expansion α. Linear elastic isotropic
behavior is assumed for all materials with Young’s modulus E
and Poisson ratio ν, via Hooke’s law. Plastic deformation
is allowed in both nickel and copper materials relying on
the experimental data from Jenkins et al. [16] and modeled
using J2 flow theory. The temperature-dependent viscoplastic
behavior of the solder alloy is described using Anand’s
model [17]

ϵ̇ p
= A exp

(
−Q
RT

)[
sinh

(
ξ
σ

s

)]1/m
(1)
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Fig. 3. Mesh of the FE model with a magnification of the interface between
the component and the solder joint in region A. The location of the regions
used to calculate the inelastic strain energy density in region A, eA , and
in region B, eB are shown. Simulations in region B are conducted with a
pre-crack underneath the component highlighted in red.

where
ϵ̇ p inelastic strain rate;
A material constant;
ξ stress multiplier;
m strain rate sensitivity;
Q activation energy;
R ideal gas constant;
s deformation resistance which is computed via an

evolution law

ṡ = h0

∣∣∣1 −
s
s∗

∣∣∣a
sign

(
1 −

s
s∗

)
ϵ̇ p (2)

where
h0 hardening constant;
a hardening strain rate sensitivity;
s∗ saturation value of s, which writes

s∗
= ŝ

[
ϵ̇ p

A
exp

(
Q

RT

)]n

(3)

where
ŝ coefficient of the saturation of the deformation

resistance;
n strain rate sensitivity of the saturation of the

deformation resistance.

The initial value of the deformation resistance, s0, is also
a material parameter. Tables I and II list the values of the
material parameters extracted from literature [3], [18], [19],
[20], [21]. The Young’s modulus and reference stress values
are normalized by the initial yield stress of the solder joint σy0,
equal to 28 MPa (at 20 ◦C and at an inelastic strain rate of
5 · 10−4 [s−1]), calculated from Anand’s model param-
eters [18]. As suggested by Basaran and Jiang [22],
Young’s modulus of the solder alloy has been measured by
nano-indentation on an actual manufactured sample, confirm-
ing the value of 42 GPa (at 25 ◦C) computed from the
temperature-dependent equation in Table I. The component
assembly is exposed to thermal cycles. The temperature is
imposed to be uniform within the model owing to the small
size of the component. Note that the model is sensitive to time
[see (1)] and thus to the rate of change of the temperature.

TABLE I
ELASTIC PROPERTIES AND COEFFICIENTS OF THERMAL

EXPANSION, FROM [3], [19], [20], [21]

TABLE II
VALUES OF ANAND’S PARAMETERS FOR 62Sn36Pb2Ag

SOLDER ALLOY, ACCORDING TO DARVEAUX [18]

B. Methodology for Modeling Failure in Region A

A machine learning-aided FE modeling approach has been
previously developed in region A by Voet et al. [5]. The main
concept and useful results are exploited here; the workflow
is presented in Fig. 4. The investigation started from micro
sections of electronic assemblies at a given number of thermal
cycles (500 cycles between −55 ◦C and 100 ◦C at 10 ◦C/min
and 15 min dwell times). Important parameters were then
selected and compiled into a database which was used to train
and test a machine learning (fully connected neural network)
model. The latter allowed the identification and validation of
the cohesive zone FE model.

Static analysis with the inelastic strain as a failure criterion
was compared to the crack propagation analysis, showing
similar trends [5]. Another criterion, the inelastic strain energy
was assessed and compared to the inelastic strain criterion and
crack propagation analysis. The inelastic strain energy is calcu-
lated based on a volume eA as shown in Fig. 3. The mesh near
this element is not changed in the different simulations. Three
thermal cycles are simulated and the considered increment of
ϵin

eq and W in per cycle is recorded during the third cycle. The
comparison is presented in Fig. 5. Both static simulation dam-
age criteria are in agreement with crack propagation analysis,
except for a very thick joint configuration1 (orange square
at W in/cycle = 1.5) where the inelastic strain energy was
out of the overall trend (i.e., higher than the inelastic strain).
The values are normalized by the default test configuration
(see [5, Table IV]).

However, further analysis indicated that the inelastic strain
criterion does not capture the trend for several specific loading
conditions such as increasing/decreasing temperature ramp
rate as illustrated in Fig. 6. Indeed, for a lower ramp rate,
ϵin

eq increases whereas W in decreases. Experimental data gath-

1Such a thick joint configuration is not considered any further in the
following.
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Fig. 4. Workflow of the approach built to identify and validate the crack propagation model in region A.

Fig. 5. Comparison between the equivalent inelastic strain and the inelastic
strain energy accumulated per cycle while also indicating the cracking
status in the region underneath the component for various parametric study
configurations, extracted from [5]. Both static simulation damage criteria are
normalized by the values obtained for the default configuration tested.

Fig. 6. Comparison between RM25122 static simulation damage criteria
(ϵin

eq and W in) for two temperature ramp rates (with a temperature cycle
between −55 ◦C and 100 ◦C).

ered by Thales Alenia Space, see Fig. 7, shows delayed failure
for a lower ramp rate; see blue and black squares at 10 ◦C/min
and 2 ◦C/min ramp rates, respectively. The thermal cycle dwell
time is also increased, but is expected to reduce the lifetime
of the assembly [23], [24], which further emphasizes the ramp
rate effect. The inelastic strain energy criterion provides better
prediction trends in this case which justifies the choice of that
specific failure criterion in what follows.

The way thermal cycle properties affect the reliability
of the assembly is not necessarily obvious or systematic.
Qi et al. [25] tested experimentally two temperature ramp

2The component nomenclature is as follows: the first two figures indicate
the component length and the last two, the component width, both expressed
in hundredths of inches.

Fig. 7. Experimental fraction of solder joint failure for 2512 chip resistors
from Thales Alenia Space. The data consists of electrical continuity monitor-
ing, considering failure in both A and B regions. Three temperature cycles are
compared as described in the legend. The failure threshold used to identify
the power law in region B (see Fig. 10) is indicated.

Fig. 8. Strategy for the identification of the power law parameters aA and
b in region A.

rates for RM2512 resistors, at 14 ◦C/min and 95 ◦C/min
and between 0 and 100 ◦C. They measured a slightly better
reliability for the highest ramp rate but this was not observed
in all test samples. They concluded that the ramp rate has little
effect on failure. Ghaffarian [26] studied the fatigue reliability
by applying ramp rates of 2 ◦C/min to 5 ◦C/min and 10 ◦C/min
to 15 ◦C/min on BGA packages and showed a strong decrease
in the fatigue lifetime for the highest cooling/heating rates.
Wu et al. [27] investigated ramp rate effects on solder balls
as well. They found a decrease in the fatigue lifetime for
increasing temperature ramp rates. Increasing the dwell time
has a larger impact than the temperature ramp rate on BGA
solder joint reliability according to Zhai et al. [28]. Clech [23]
pointed out that at a high temperature (i.e., 100 ◦C), the
dwell time has little effect due to stress relaxation, although
a decrease of the fatigue lifetime is noticed for an increasing
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Fig. 9. Comparison between the CZM predictions and the phenomenological model in region A. (a) Twenty samples are tested with a wide variety of
configurations. (b) Model prediction errors.

cold temperature dwell time. Hung et al. [24] tested two dwell
times of 30 and 66 min on power module assemblies. The
longer cycle period showed an earlier crack initiation and a
larger growth rate. In Fig. 7, the longer period cycle has an
increased fatigue lifetime whereas it has longer dwell times
but also lower ramp rates. This indicates that it is complex
to deliver definitive conclusions on the effect of accelerated
thermal cycle parameters. Indeed, a number of additional
factors affect these trends such as the type of component,
joining process, PCB configuration, and test conditions.

A phenomenological failure power law can now be estab-
lished to evaluate the number of cycles to failure (in
region A) based on the inelastic strain energy criterion,
N A

f = aA(1W A
in )−b. The parameters are defined in Fig. 8.

The latter also presents the overall failure assessment strategy
followed in region A.

The main two outcomes of the crack propagation analysis
are the determination of the crack length at a given number of
cycles, which is of major interest for ESA standards (ECSS-
Q-ST-70-61C [29]), and the number of cycles to failure,
N A

f , as used here. Static FE simulations with the inelastic
strain energy criterion are conducted. The two parameters,
aA and b, of the power law are identified and assessed thanks
to the crack propagation analysis. The exponent, b, was
found to be around 5/3 by the least square method. Many
power law models based on either the inelastic strain or

the strain energy density and with or without improvements
such as frequency-modified models [30] have been developed
in the literature [31], [32]. The fatigue exponent is usually
within the range 1 to 1.6 [6], [30], [33], [34]. The b exponent
estimated here is in the high range. The parameter aA depends
on the volume over which the energy density is averaged
and possibly also on the mesh. Therefore, it is challenging
to compare values with literature data. For the modeling
conditions used in this study, the value of aA was found to
be around 3.2 · 10−4 [−].

Fig. 9(a) presents a comparison between the crack prop-
agation analysis using a cohesive zone model (CZM) and
the predictions based on the inelastic strain energy criterion
(1W A

in ). Many configurations are assessed, including vari-
ous component lengths, Lcomp, thicknesses, tcomp, termination
lengths, L ter, copper footprint thicknesses, tCu, PCB stiffnesses,
EPCB, solder joint thicknesses, tsolder and loading conditions
(including temperature ramp rate, Ṫ , temperature range, 1T ,
mean temperature, T̄ and dwell time, tdwell). The range of the
tested parameters is available in Table III. The lengths are
normalized by the PCB thickness and are defined in Fig. 1. The
trends captured by the phenomenological model are clearly in
line with the CZM predictions.

Relative errors between the CZM predictions and the inelas-
tic strain energy criterion are shown in Fig. 9(b). The errors are
within the range of plus or minus 30%, leading to acceptable
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TABLE III
RANGE OF PARAMETERS TESTED IN REGION A

TABLE IV
RANGE OF PARAMETERS TESTED IN REGION B

Fig. 10. Strategy for the identification of the power law parameter aB in
region B.

predictability capabilities. At this point, a simple phenomeno-
logical failure model has been identified and validated thanks
to advanced crack propagation simulations themselves identi-
fied and validated by a machine learning model trained and
tested on a database based on micro sections acquired during
qualification campaigns by Thales Alenia Space.

C. Methodology for Modeling Failure in Region B

A similar approach, including the inelastic strain energy
as a failure criterion, is used to estimate the fatigue lifetime
in region B, see Fig. 10. The strain energy is calculated
based on a volume eB as shown in Fig. 3. Simulations are
conducted with a pre-crack underneath the component such
that region A is considered completely failed once region B
starts to damage. This is based on experimental observations.
The experimental number of cycles to complete failure in
regions A and B, N f , is obtained from electrical monitoring
tests. This allows estimating the number of cycles to failure in
region B, N B

f from the number of cycles to failure calculated
in Section II-B, N A

f . A failure power law model is identified,
based on N B

f and 1W B
in . The exponent b is kept constant

from the failure model in region A.
The number of available electrical monitoring data is lim-

ited; only five configurations are tested. This is mainly due
to the time required to carry out the thermal cycling tests

(usually at least several months). It also justifies the use of a
small fraction of failed solder joints during the tests instead of
a higher failure percentage [not enough data was available for
the first two configurations presented in Fig. 11(a)]. A fraction
of 6% has been selected, establishing the number of cycles
to failure, N 6%

f , see Fig. 7. The range of test configurations
is provided in Table IV. A first evaluation of the power law
predictions is shown in Fig. 11(a), showing poor agreement
with the experimental (electrical monitoring tests) results and
the number of cycles to failure in region A. Nevertheless, some
trends are well predicted; an increase in the fatigue lifetime
is observed when comparing configurations 1 and 2, 3 and 4,
and 4 and 5. As a matter of fact, these experiments come from
two different campaigns (and two assembly lines) and only
some of the parameters have been considered by the numerical
simulations due to the lack of data or due to noncontrollable
parameters.

The data is now separated into two groups, corresponding
to the two test campaigns; the first includes configurations 1
and 2 and the second, from 3 to 5. The predictions are much
more reliable, as shown in Fig. 11(b). But, still, some under
and overestimations are noticed for configurations 3 and 5,
respectively. The blue, the black, and the red curves of Fig. 7
correspond to configurations 3, 4, and 5, respectively. Experi-
mental results for configuration 5 do not follow expectations;
by decreasing the temperature range and especially increasing
the cold temperature, a significant improvement in the fatigue
lifetime should be noticed, even with the longer dwell times.
The predicted increase between configurations 3 and 4 is also
higher than the measured one but is explained by the choice
of a N 6%

f . A larger failure threshold would have increased this
experimental trend. The value of aB was found to be around
3.2 · 10−2 [−].

III. EXPLOITATION OF THE MODELS

The two previously described models can be used to
estimate the number of cycles to failure for some typical
configurations, such as several filet geometries, solder joint
thicknesses, and component sizes. Another temperature cycle
is simulated and compared to N-L aging law predictions.
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Fig. 11. Comparison between the experimental electrical monitoring data minus N A
f and the phenomenological power law failure model with the inelastic

strain energy in region B. Five samples are tested with various configurations. (a) Includes each configuration without distinction and (b) considers the two
test campaigns independently (configurations 1 and 2 and from 3 to 5).

TABLE V
DEFAULT PARAMETERS FOR THE EXPLOITATION OF THE MODELS

Fig. 12. Solder joint filet configurations simulated, from (a) very small and
thin to (d) extended filet. For the sake of readability, only the solder joint is
presented, the assembly is described in Fig. 1. The ratio between the volume
of the filet and the entire volume of the joint is also indicated.

Static FE simulations with the inelastic strain energy as a fail-
ure criterion are conducted and the number of cycles to failure
are calculated thanks to the identified phenomenological power
laws. Default parameters used in this section are provided in
Table V.

A. Filet Geometry Effect

Four filet geometries are compared and presented in Fig. 12,
from a small and thin joint filet to an extended filet configura-
tion. The FE models developed for regions A and B are used
to estimate the fatigue lifetime of the joints. The filet-to-joint
volume ratio, i.e., the ratio between the joint filet volume, Vfilet,
and the joint’s entire volume, Vjoint, for each of the configu-
ration is also provided in Fig. 12. In configuration (a), 70%
of the solder material is located underneath the component
whereas it only represents 5% in configuration (d).

Fig. 2 showed a crack in a failed component’s solder
joint. It had propagated through region A and through the

filet, leading to the total failure of the joint. The fillet’s
shape and volume are key parameters for the fatigue life-
time of the assembly. The longer the distance required for
a crack to propagate, the longer the number of cycles to
failure.

Static simulations without and with a pre-crack underneath
the component, i.e., in region A, are conducted. The inelastic
strain energy is extracted in order to determine the number of
cycles to failure, N f . Fig. 13 shows the estimated lifetime of
the solder joint. Blue bars represent the number of cycles to
failure in region A and red bars correspond to region B. There
is a significant impact of the filet geometry on the number of
cycles to failure between the four configurations, even more
for (a), (b), and (c). This effect is certainly underestimated due
to the much longer distance that has to be cracked to reach
complete failure in the filet for larger filet configurations. It is
clear that the number of cycles to failure in configuration (d)
will be significantly larger than in configuration (c) but as the
volume used to average the inelastic strain energy is fixed, the
model cannot capture this trend.

Experimental observations have been made based on two
solder joint geometries imposed by the PCB copper footprint
design. Fig. 14 presents the two filet geometries. The “opti-
mum” configuration is characterized by a filet-to-joint volume
ratio of about 90% whereas the “nonoptimum” configuration
has a lower ratio of about 75%. This gap, although not as wide
as simulated, see Fig. 12, caused a decrease in the measured
number of cycles to failure by a factor of 3 to 4. These
results were obtained by continuous electrical monitoring tests.
It confirms the predicted numerical trends and highlights the
importance of the filet geometry.
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Fig. 13. Calculated number of cycles to failure in regions A and B for the
four filet configurations presented in Fig. 12 based on the phenomenological
failure models.

Fig. 14. Micrographs of the two filet geometries tested experimentally with
(a) “optimum” design and (b) “nonoptimum” design.

B. Solder Joint Thickness Effect

Three normalized thicknesses are compared according to
their lifetime in regions A and B in Fig. 15. The solder joint
thickness is a first-order parameter in region A [5]. Indeed,
from tsolder/tPCB = 7.5 to 30 · 10−3, N A

f is increased by a
factor 3. When changing tsolder/tPCB from 15 to 30 · 10−3,
the number of cycles to failure is doubled. But, once the
number of cycles in region B is considered, the gap becomes
much smaller; N B

f substantially affects the total number of
cycles. Lu et al. [35] also found that the thickness of the joint
significantly affects N A

f but, as the crack spends most of its
time in region B to propagate, the shape and the volume of the
filet play a more important role. As discussed previously, the
volume used to calculate the inelastic strain energy is fixed
and located at the border with region A. It means that the
actual variations between the N B

f are probably smaller than the
calculated values. The influence of the solder joint thickness on
the global number of cycles to failure is limited in the range of
thicknesses calculated here. For thinner joints, N A

f decreases
to a very small number of cycles but as this only represents a
tiny fraction of N f , it only slightly impacts the global number
of cycles. For thicker joints, N A

f strongly increases and, hence,
N f also increases.

C. Component Size Effect

Three component sizes are presented in Fig. 16, from
1206 to 2512. The first two figures indicate the component

Fig. 15. Effect of the solder joint thickness on the number of cycles to
failure in regions A and B.

Fig. 16. Effect of the component size on the number of cycles to failure in
regions A and B.

length and the last two, the component width, both expressed
in hundredths of inches. As expected, the larger the compo-
nent, the shorter the lifetime. This trend is confirmed for both
A and B regions. Like in Fig. 15, N A

f is very small compared
to N B

f . It is more pronounced for larger components.

D. Temperature Cycle Effect

The temperature cycle is changed from −55 ◦C/100 ◦C at
10 ◦C/min to +20 ◦C/100 ◦C at 2 ◦C/min. The present model
is compared to the widespread N-L aging law [36], see (4).
The exponents and the subscripts 1 and 2 refer to temperature
cycle conditions

N 2
f = N 1

f

(
1T1

1T2

)1.9( f2

f1

)1/3

× exp
(

1414
(

1
Tmax,2

−
1

Tmax,1

))
(4)

where
f number of cycles per day;
Tmax maximum temperature [K].
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Fig. 17. Comparison between the two models developed for regions A and
B and N-L aging law predictions, from results presented in Fig. 16 and for a
temperature cycle from +20 ◦C to 100 ◦C at 2 ◦C/min.

Fig. 17 presents a comparison between the two approaches.
Similar to Figs. 13–16, blue and red bars correspond to FE
model predictions for regions A and B, respectively. Yellow
bars refer to N-L aging law calculations from results presented
in Fig. 16. Our predictions are more than two times higher.
These results highlight the very conservative character of this
law calling for more exploitation of our approach to be more
predictive. Additional experimental work should be conducted
to further assess the model predictions, especially with reduced
temperature cycles.

IV. CONCLUSION

Two FE models have been developed, each based on a
specific solder joint region, i.e., underneath the component
and inside the filet. The model in region A uses a previously
identified crack propagation model that relies on machine
learning predictions, trained over a set of micro-section exper-
imental results. A phenomenological failure law is identified
and validated based on an inelastic strain energy criterion.
The model in region B takes advantage of electrical moni-
toring experimental data and of the approach in region A to
assess a phenomenological law, such as for region A. These
FE simulations are conducted with a pre-crack underneath
the component. The models are applied to several assembly
configurations. This approach provides simple and convenient
prediction capabilities. The contribution of the solder joint filet
on the fatigue lifetime of the component assembly is explored.
The main findings of this study are the following.

1) Region B and hence its shape and volume have a major
contribution on the lifetime of the solder joint. The more
extended the filet, the more damage resistance of the
joint.

2) The effect of the joint thickness on the total number of
cycles to failure is significantly mitigated compared to
region A only where a decrease in thickness substantially
reduces the lifetime.

3) The N-L aging law is used to estimate the lifetime
of the assembly at another reduced temperature cycle
and compared to the present model. The N-L aging

law predictions were considerably lower highlighting its
conservative character. This calls for more data genera-
tion and exploitation to establish and validate consistent
model predictions.

Understanding the contribution of the filet in the thermo-
mechanical fatigue of the joints allows a better assessment of
the assembly’s fatigue behavior. It also provides guidelines for
new or optimized designs.
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